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ABSTRACT

The Impact of Focused Attention and Opening Monitoring Meditation Styles on Attention
by
Jennifer Wheary
Advisor: Tony Ro
Mindfulness meditation – often broken down into two distinct types, focused attention (FA) and
open monitoring (OM) – has been associated with a range of affective and attentional benefits.
Using an attentional blink (AB) paradigm that demonstrated improved attention for novice FA
meditators, we explored whether novices who engaged in a single, brief bout of meditation
exhibited any differences in alpha or theta power during meditation, and whether these
differences were apparent by meditation type. In the AB paradigm, participants are asked to
identify two targets, T1 and T2, which are separated by 200-500 ms. Our results showed no
significant differences between FA and OM meditators with regard to changes in alpha or theta
power during meditation. However, exploratory analyses found a statistically significant
negative correlation between changes in theta power during meditation and accuracy in detecting
a second target (T2) post-meditation as well as post-meditation T1- and T2-elicited P300s.
These correlations were seen in the FA, but not in the OM group such that, the more a subject’s
theta power decreased, the more their post-meditation AB was reduced (as reflected in higher T2
accuracy). A decrease in theta power was also significantly correlated with a less suppressed
P300 at T1 and at T2 post-meditation for the FA, but not for the OM group.
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Chapter 1: Introduction
Meditation is a centuries old spiritual practice best known in Western society in a
secularized form called mindfulness. Mindfulness meditation can be described as cultivating a
non-judgmental awareness of the present in which one intentionally pays attention to each
passing moment without trying to change anything (Kabat-Zinn, 2009). Over the last 30 years,
researchers from a range of fields such as healthcare, neuroscience, cognitive psychology, and
education have grown increasingly interested in the underlying neural mechanisms and effects of
mindfulness practice. Two of the most widely known and most routinely studied clinical
applications of mindfulness meditation are Mindfulness Based Stress Reduction, known as
MBSR, (Kabat-Zinn, 2009) and Mindfulness Based Cognitive Therapy, or MBCT (Segal et al.,
2004). Both use mindfulness training as a pathway to improving physical and mental wellbeing.
Meditation research has included clinical trials assessing the effects of such mindfulness
meditation-based interventions (Ardi et al., 2021), as well as empirical studies looking at the
effects of mindfulness on areas such as task performance, brain connectivity, learning, memory,
cognition, and emotional processing (See Brandmeyer et al., 2019; Cahn & Polich, 2006;
Cattanach et al., 2021; Chambers et al., 2008; Crane et al., 2017; Davidson & Lutz, 2008, 2008;
Kilpatrick et al., 2011; Lutz et al., 2009; Millett et al., 2021; Norris et al., 2018; Sun et al., 2021).
Mindfulness meditation is commonly broken down into two distinct types, focused
attention (FA) and open monitoring (OM). As the name suggests, FA meditation emphasizes an
explicit focus on a specific sensation or object, often the breath or a body scan (Lutz et al., 2008,
2009). In contrast, OM meditation does not have a specific focus. Rather, it encourages a broad
awareness of the entirety of one’s sensory experience without judgment or clinging to any single
aspect of that experience (Lutz et al., 2008, 2009).
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Meditation Proceeds in Stages
Meditation has been found to produce both short and long-term effects including changes
in white matter plasticity and functional connectivity (Baerentsen et al., 2010; Berkovich-Ohana
et al., 2014; Davidson & Lutz, 2008; Fucci et al., 2018; Guidotti et al., 2021; Katyal et al., 2020;
Kripalani et al., 2021; Saggar et al., 2012; R. Tang et al., 2020; Vivot et al., 2020). It has also
been suggested that within a single meditation session, the meditator will experience multiple
brain states, each with its own neural signature (Baron Short et al., 2010, 2010; BrefczynskiLewis et al., 2007; Holzel et al., 2011; Lazar et al., 2000; Y.-Y. Tang et al., 2019). For example,
one study of FA meditation uncovered what the researchers called “fluctuating cognitive states”
in which experienced meditators (1,386 hours of lifetime practice on average) cycled through
four unique states in a 20-minute meditation session while undergoing fMRI: mind wandering,
awareness of mind wandering, shifting of attention, and sustained attention (Hasenkamp et al.,
2012).
Meditators in the Hasenkamp et al. (2012) study were asked to maintain a focus on their
breathing. During mind wandering, researchers found robust activation in the posterior cingulate
cortex, medial prefrontal cortex (PFC), posterior parietal/temporal cortex (often collectively
called the default mode network) and the parahippocampal gyrus (thought to connect the default
mode network with the medial temporal lobe) (Hasenkamp et al., 2012; Ward et al., 2014). When
meditators reported being aware of mind wandering, researchers saw activations in the bilateral
anterior insula and dorsal anterior cingulate cortex, portions of an attentional network referred to
as the salience network and known to be correlated with interoception and other aspects of
internally directed attention (Seeley et al., 2007). When the meditators in the Hasenkamp study
2

began the process of shifting their attention back to their breathing, researchers saw significant
activation in the dorsal and ventral PFC as well as in the lateral inferior parietal cortex, with
more robust activation in the right hemisphere, areas the researchers identify as being consistent
markers of the exercise of attentional control via the executive network. Lastly, in the periods
where meditators were able to maintain focus, researchers found that part of the dorsolateral
prefrontal region of the executive network remained active while there was a lack of activation in
parietal regions perhaps due to the parietal cortex playing a role in disengagement of attentional
networks not relevant to maintaining a focus on the breath (Hasenkamp et al., 2012).
Meditation practice itself may also look different as one’s experience level increases. In
the early stages of developing a meditation practice, a meditator likely needs to exert more
effortful control involving the lateral prefrontal cortex and parietal areas as well as the limbic
system to modulate emotion and attention. In contrast, more advanced stages of meditation
practice may be characterized by more effortless attentional and emotional control via higher
engagement of the anterior cingulate cortex, striatum and insula combined with reduced activity
in the PFC and parietal regions (Y.-Y. Tang et al., 2015, 2019).

Meditation and Neural Oscillatory Activity
While there is no clear consensus about the effect of meditation on neural oscillatory
activity, the most common findings include changes in activity in the alpha (8-12 Hz) and theta
(4-7.9 Hz) bands (Cahn & Polich, 2006b; Lee et al., 2018). Where in the brain such changes
occur, and whether alpha and theta power increases or decreases, have both been found to be
related to the type of meditation as well as the level of experience of the meditator
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(DeLosAngeles et al., 2016; Lee et al., 2018; Lomas et al., 2015).
Comparing meditators with a moderate level of experience to expert meditators,
Brandmeyer & Delorme (2018) found that expert meditators experienced less mind wandering
and showed increased midline frontline theta as well as increased alpha rhythms associated with
enhanced executive functioning, cognitive control and the active monitoring of sensory
information. The authors defined experts as those who had meditated 2 hours or more daily for
the previous year and moderate meditators as those who had formal meditation training but no
consistent daily practice. Another study comparing expert meditators to non-experts found that
expert meditators experienced increased alpha activity primarily over the somatosensory cortex
during meditation as compared to trials in which they were given the instruction to allow their
minds to wander freely. Non-experts did not experience any significant change in alpha
(Brandmeyer & Delorme, 2018). Expert was defined in the study as those practicing yoga and
meditation for a minimum of one hour daily for the two years prior to the study. Non-experts
were defined as those meditators who did not meet this consistency criterion.
Another study (Hinterberger et al., 2014) of 30 experienced meditators (with a minimum
of 5 years and 1000 hours of meditation experience) found that expert meditators were better
able to reach a state which the authors defined as “thoughtless emptiness” (in contrast to mind
wandering) compared to controls who were novice meditators. In the study, both focused
attention and open monitoring meditation states produced larger alpha, theta and beta amplitudes.
The thoughtless emptiness state produced central and parietal gamma decreases and decreased
alpha and beta amplitudes. No such patterns were observed in novices.
In a similar vein, another study involving expert meditators (Buddhist monks averaging
more than 100 hours of meditation practice per month) found increased power and fronto-
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parietal connectivity in the theta, alpha and beta frequency bands versus a control group of
novice meditators with no training (Yordanova et al., 2021). A review of 56 meditation studies
involving more than 1,700 subjects across experience levels found mindfulness meditation was
consistently associated with increased alpha and theta power (Lomas et al., 2015). This effect has
been found both in studies where meditation is compared to an eyes-closed resting state as well
as studies employing a pre-post condition involving meditation training (Ahani et al., 2014;
Fucci et al., 2018; Lutz et al., 2008; Saggar et al., 2012; Takahashi et al., 2005; Y.-Y. Tang et al.,
2009).
Increases in alpha and theta appear most regularly in studies of experienced meditators
and in studies where novices undergo intensive training (Lomas et al., 2015). In one such typical
study, novices who underwent 4 weeks of mindfulness training demonstrated increases in frontoparietal theta power, a marker of more efficient orientation of attention, compared to controls
who received no meditation training (Nyhus et al., 2019). However, the impact of a single
session of meditation on novice meditators with no previous experience can look quite different
with regard to EEG oscillatory activity. For example, one study of first-time meditators
undergoing a single session of guided mindfulness meditation showed decreases in both theta
and alpha power versus a control group who were given no direction and passively listened to a
non-meditation audio track (Sliwowski et al., 2021). The authors suggest that, rather than
entering into an internally directed meditative state, study subjects directed their attention
externally as they became vigilant about following the meditation instructions. This is consistent
with the research finding that theta and alpha increases are associated with an increase in
internally directed attention (interoception) and their decrease reflects a more external direction
of attention (Cona et al., 2020; Webster & Ro, 2020).
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Meditation, Cognition and Attention
Mindfulness meditation has been found to enhance cognitive processing and improve
attention through several mechanisms including enhanced self-regulation of attention and
emotions, improved body awareness, reduced emotional reactivity, and enhanced self-awareness
(Brandmeyer & Delorme, 2021; Dahl et al., 2015; Holzel et al., 2011; Verdonk et al., 2020). For
example, Lutz et al. (2009) found that three months of intensive mindfulness meditation
increased novice meditators’ abilities to identify target tones as well as to ignore distractor tones.
Meditators in this study were found to have quicker and more accurate reaction times versus a
control group. Meditators also demonstrated greater consistency in their oscillatory neural
responses to stimuli, more efficient cognitive processing of distractors, and a reduction in
cortical signal-to-noise ratios in attentional networks (Lutz et al., 2009).
van Vugt and Slagter (2014) found that engaging in a session of open monitoring (OM)
meditation reduced the attentional blink (AB) for experienced meditators (who had meditated
more than 10,000 hours on average). The AB is a well-documented effect in which individuals
are unable to identify the second of two targets (T2) when it follows the first (T1) by 200-500 ms
(Broadbent & Broadbent, 1987; Shapiro et al., 1997). Other studies have demonstrated similar
reductions in the AB after meditation (Colzato et al., 2015; Klopsis et al.,2022; van Leeuwen et
al., 2009).
Mindfulness meditation may enable more efficient allocation of attentional resources,
resulting in greater attentional control. Moore et al. (2012) found that 16 weeks of meditating
daily for 10 minutes improved the ability of novice meditators to recognize stimuli while
reducing the attentional resources (as measured by event related potentials, or ERPs) needed to
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attend to stimuli. In a similar vein, Yoshida et al. (2020) studied the impact of an 8-week
focused attention (FA) mindfulness training on novice meditators’ performance in an auditory
oddball task. Results showed an improvement in reaction time as well as significantly higher
P300 amplitude for meditators versus controls. Since the P300 ERP waveform is considered a
reflection of the amount of attentional resources used in target processing (Polich, 2007, 2012)
the higher P300 amplitude seen by Yoshida et al. suggests a possible overall increase in
attentional resources available following FA meditation training (Yoshida et al., 2020).
Our own work found a similar enhanced P300 after just a single session of FA meditation
undertaken by novice meditators (Klopsis et al., 2022). Mindfulness meditation has also been
connected to greater P3b amplitude in relation to task-relevant stimuli as well as decreased P3b
amplitude in relation to task-irrelevant stimuli (Atchley et al., 2016; Delgado-Pastor et al., 2013;
Lakey et al., 2011; Verdonk et al., 2020). The impact of meditation on attention may be two-fold,
both enhancing a meditator’s ability to direct attention toward an object of interest as well as to
direct attention away from an object that is not of interest, in other words to ignore distractions or
irrelevant information. This impact has been found more robustly in expert meditators versus
novices, though studies have found attentional benefits for both groups (Ainsworth et al., 2013;
Britton et al., 2018; Fucci et al., 2018; Fujino et al., 2018; Lippelt et al., 2014; Yoshida et al.,
2020).
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Current Study
In the present study using an attentional blink (AB) paradigm, novice mediators
performed a Rapid Serial Visual Presentation (RSVP) target-detection task involving identifying
letters before and after a single bout of mindfulness meditation. For the purpose of the study,
novice meditators were defined as those with no training in meditation and no formal mediation
practice. Participants were randomly assigned to perform either focused attention (FA) or open
monitoring (OM) meditation.
Behavioral results from this study suggest that a single bout of FA meditation may be
sufficient to enhance target processing and reduce the attentional blink (Klopsis et al., 2022).
Specifically, after a single 11-minute session of meditation, behavioral results showed a reduced
attentional blink after completing the meditation for the FA group, but not for the OM group. In
addition, an analysis of electrophysiological data gathered during the RSVP trials found that the
suppressed P300 elicited by the second target (T2) that is typically observed in AB studies was
less suppressed after FA mediation, but not after not OM meditation. Finally, results showed an
enhanced P300 elicited by the first target (T1) after FA, but not after OM meditation (Klopsis et
al., 2022).
Here we focus on the electrophysiological data collected during the meditation portion of
the study. Previous work has found that meditation can impact the alpha and theta power of
meditators with increased alpha and theta being associated with enhanced interoception and
cognitive processing (Ahani et al., 2014; Dahl et al., 2015; Fucci et al., 2018; Saggar et al., 2012;
Takahashi et al., 2005; Y.-Y. Tang et al., 2015, 2019). Studies have also suggested that this
impact is more likely to appear in novices who undertake training in FA meditation versus OM
meditation (Fucci et al., 2018; van Vugt & Slagter, 2014; Yordanova et al., 2021). This is
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because OM meditation is thought to be the more difficult of the two types of mediation to learn
(Laukkonen & Slagter, 2021; Lippelt et al., 2014).
Given findings of prior mediation research and our behavioral results of an improved
attentional blink for FA meditators, we predicted that our FA and OM groups would differ in
terms of their alpha power during the meditation block with the FA group experiencing greater
increases in alpha power. Because meditation has also been found to increase theta power, we
also predicted that we would see differences in theta power between the FA and OM groups.

9

Chapter 2: Methods

Participants
This experiment involved 20 novice meditators (7 male, 13 female) with a mean age of
25.0 years (SD = 8.12 years, Range = 19 to 58). Study procedures were approved by the
Institutional Review Board of the City University of New York. While 3 participants had
meditated before, none of the participants had studied meditation formally or completed a
meditation training. Nineteen participants completed the experiment for monetary compensation
and one received course credit. All participants had normal or corrected to normal vision.
Although two participants reported having been diagnosed with ADHD, they were not taking
medication at the time of the study. These two individuals performed similarly to their peers in
the study.

Procedure
Participants underwent approximately 45 minutes of consent and EEG preparation,
followed by an experimental session which lasted approximately one hour. In the experimental
session, participants engaged in 500 total trials of an RSVP task plus a meditation. Half of the
trials were conducted prior to engaging in an 11-minute guided mediation (either FA or OM),
and the remaining 250 trials took place after the meditation. We split the RSVP task into 4
blocks of 125 trials each. The meditation occurred between blocks 2 and 3. Lights were kept on
for the meditation.
For each RSVP trial, the onset of the RSVP stream was preceded by a fixation cross
appearing for 500 ms. Each RSVP stream was composed of 26 randomized upper case letters of
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the alphabet. Letters were shown in the center of the screen and were black font on a gray
background. Each trial had a constant stimulus onset asynchrony (SOA) of 130 ms throughout
the RSVP stream with each letter stimulus being presented for 80 ms and an interstimulus
interval of 50 ms (Figure 1).
Target 1 (T1) and target 2 (T2) were denoted by a circle appearing around the letter
within the RSVP stream. Two response screens appeared after each RSVP stream. Participants
were asked to identify both T1 and T2 sequentially. T1 appeared at the 6th, 7th, 8th, 9th, or 10th
position in the RSVP stream. T2 appeared either 1, 2, 5, 8, or 10 stimuli after T1. This resulted
in 5 different lag conditions. The Lag 2 condition occurred within the 200-500 ms window
associated with the attentional blink. The total of 500 trials included 20 trials of each T1 position
and T2 lag combination, resulting 100 trials per T2 lag condition when collapsed across the T1
condition. Stimuli were presented on a Dell Optiplex PC with an ATI Radeon graphics card
connected to a CRT monitor cycling at a 100 Hz frame rate. Participants placed their heads on a
chin rest to ensure a fixed viewing distance of 57 cm.
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Figure 1. Sample RSVP sequence for lag 2 (AB) trial condition. Target 1 (T1) could appear
at the 6th to 10th letter in the RSVP stream. Target 2 (T2) appears 2 letters following T1. In other
lag conditions not shown, T2 could appear 1, 5, 8 or 10 letters after T1.

Participants were randomly assigned to engage in either a focused attention (FA)
(n = 10) or open monitoring (n = 10) meditation. Individuals were told to close their eyes or to
keep them open but gazing down at the table in front of them. Visual inspection of EEG data
confirmed that most subjects (16 out of 20) kept their eyes closed during the meditation1. To
ensure consistency of the mediation experience (delivery, length, and voice) custom instructions
were written for both the FA and OM meditations. These instructions were pre-recorded using
the investigator’s voice, and followed the structure of guided meditations from MindfulnessBased Stress Reduction courses.
The FA group listened to a body scan meditation in which they were instructed to focus
on their breathing while noting sensations and sensory experiences through various parts of their
body. Importantly, FA meditators received the consistent instruction to remain focused on their
breathing and to return to their breath if they got distracted. Breath was used an anchor
throughout the meditation. The OM group listened to an 11-minute open monitoring style
meditation. The OM meditation was distinct from the FA meditation in two ways. First, rather
than scanning their bodies, OM meditators were instructed to maintain an open awareness of
their entire sensory experience and not focus on anything specific. Second, while OM meditators
were told once at the beginning of the meditation they could focus on their breathing as one
sensation, there was no consistent instruction to return to the breath given throughout the

1

Since alpha power is influenced by whether eyes are open or closed (Webster & Ro, 2020), analysis of the alpha
power estimates derived from EEG data collected during the meditation period was conducted both with and without
the 4 subjects whose eyes were open during portions of the meditation block. Similar findings were observed, so the
results from the analysis with all subjects are reported.
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meditation. That is, there was no explicit focus suggested to use to the breath as an anchor. In
this way, the OM meditation was non-directive and allowed more time for silent reflection than
the FA meditation.

Electrophysiological Recording
We recorded electroencephalographic activity continuously throughout the experiment
using 18 gold electrodes placed at the following scalp locations in the 10-20 system: F3, Fz, F4,
C3, Cz, C4, P3, Pz, P4, O1, Oz, O2. The amplifiers used were Grass IP511 amplifiers (Natus
Medical Inc., Pleasanton, CA), and the sampling rate used was 1000 Hz. We employed an
online bandpass filter of 0.1 – 100 Hz, and channel impedance for all channels was at or below
10 kOhm. A ground electrode was placed on the forehead. Electrodes were placed over the right
and left mastoids, above and below the left eye, as well as lateral to the outer canthus of the right
eye. The left mastoid was used to reference EEG activity online. EEG activity was also rereferenced offline using the average of the two mastoids.

Data Analyses

Since changes in Alpha (8 - 12 Hz) and Theta power (4 - 7.9 Hz) are often observed in
studies of meditation (Lomas et al., 2015), we conducted discrete Fourier transforms on the EEG
data collected during the FA and OM meditations. The experiment did not provide time-locked
trigger information on the precise beginning and end of each meditation. Therefore, we defined
a window of time in which the mediation took place, that is, a “meditation block.” This
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meditation block was defined for each individual subject as the time period two minutes after
that subject completed their second block of AB trials to two minutes before they started their
third block of AB trials.
We divided the meditation block into sliding window epochs of 10 seconds each with a 1
second overlap and averaged those epochs together to derive power estimates. Power estimates
for each subject were normalized relative to the first 30 seconds of the meditation block. We
measured power estimates as a percent increase or decrease relative to the beginning of the
meditation period for each subject. Data were analyzed in R using paired t-tests and paired
sample correlation tests corrected with false discover rate (FDR) for multiple comparisons.
Differences at p < 0.05 were accepted as significant.
Exploratory analyses looked at correlations between power and the P300 event-related
potential (ERP). We filtered the EEG data offline using a Butterworth low-pass 30 Hz filter.
Next, we segmented the data into 1040 ms epochs beginning 2 RSVP stimuli (that is -260 ms)
before the onset of the target and ending 6 RSVP stimuli (780 ms) after target onset for both T1
and T2 time-locked epochs. We baseline corrected epochs using a 260 ms prior to target onset.
We then looked at the P300 component 300 – 400 ms after target onset at posterior electrodes
(the average of O1, Oz, and O2).

14

Chapter 3: Results
Alpha and Theta Differences
We were primarily interested in whether there would be any difference between the FA
and OM groups regarding changes in alpha or theta power. While both groups did demonstrate
an increase in alpha power during the meditation block, an independent samples t-test showed
that there were no significant differences in alpha power (8 – 12 Hz) between the FA (M = 52.43
%, SD =101.92 %) and OM (M = 27.20 %, SD =34.39 %) meditation groups during meditation (t
(18) = 0.74, p = 0.468). Alpha power was compared at Pz, as previous meditation studies have
reported that alpha is strongest at parietal electrodes (Lomas et al., 2015) and the source of alpha
oscillations is near Pz ( Thut et al., 2011).
Similarly, both groups experienced changes in theta power during meditation. However,
an independent samples t-test showed no significant theta (4 – 7.9 Hz) differences between the
FA (M = 17.26%, SD = 54.95%) and OM (M = 62.09%, SD = 61.69%) meditation groups during
meditation (t (18) = -1.72, p = 0.103). Theta power was compared at Fz, since changes in frontal
theta have been observed in prior meditation studies of experienced meditators or novices who
have undergone intensive training (Lomas et al., 2015; Nyhus et al., 2019; Saggar et al., 2012).

Additional Analyses
Topographical plots of both alpha and theta power suggested that FA subjects had more
posteriorly located peaks, whereas OM subjects had more frontally located peaks (Figure 2).
This prompted us to explore the possibility of differences between the alpha power of the FA and
OM groups at Fz, as well as between the theta power of the FA and OM groups at Pz. This
additional analysis via an independent samples t-test showed no significant differences in alpha
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power (8-12 Hz) at Fz between the FA (M = 13.98%, SD = 42.72%) and OM (M = 41.72%, SD
=30.196%) meditation groups during meditation (t (18) = -1.68, p = 0.11). Likewise, an
independent samples t-test showed no significant differences in theta power (4-7.9 Hz) at Pz
between the FA (M = 35.03 %, SD =73.75 %) and OM (M = 35.98%, SD =34.53%) meditation
groups during meditation (t (18) = 0.37, p = 0.97). As these additional analyses were merely
exploratory in nature, we did not employ FDR correction.
We were curious whether there might be any differences between the FA and OM groups
in the beta (13-20 Hz) and delta (1-3.9 Hz) bands at either Fz or Pz. This additional analysis via
an independent samples t-test showed no significant differences in beta power (13-20 Hz) at Fz
between the FA (M = 23.94%, SD = 57.01%) and OM (M = 30.94%, SD =26.92%) meditation
groups during meditation (t (18) = -.35, p = 0.73). Likewise, an independent samples t-test
showed no significant differences in beta power at Pz for the FA (M = 18.92%, SD = 47.74%)
and OM (M = 21.54%, SD =18.47%) meditation groups during meditation (t (18) = -.16, p =
0.87).
An independent samples t-test also showed no significant differences in delta power (13.9 Hz) at Fz between the FA (M = 22.71%, SD = 115.03%) and OM (M = 58.91%, SD
=87.82%) meditation groups during meditation (t (18) = -.79, p = 0.44). Likewise, an
independent samples t-test showed no significant differences in delta power at Pz for the FA (M
= 13.64%, SD = 61.56%) and OM (M = 32.42%, SD =31.16%) meditation groups during
meditation (t (18) = -.86, p = 0.40). As the additional beta and delta analyses were exploratory in
nature, we did not employ FDR correction.
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Figure 2. Topographical plots of peak alpha and theta power, by meditation group.

Exploratory Analysis of Alpha and Theta Correlations with Decreased Attentional Blink
While we found no significant differences during the meditation block in the alpha, theta,
delta and beta power of the FA and OM groups, analyses of behavioral and ERP data collected
during the attentional blink trials and published elsewhere showed a statistically significant
reduction in the AB for the FA group, but not for the OM group, post meditation. That is, the FA
group experienced increased accuracy on the AB task post-meditation, and the OM group did not
(Klopsis et al., 2022). Our analyses suggested that target processing may have been enhanced for
the FA group, but not for the OM group.
17

In the AB task, the lag 2, T2-elicited P300 is typically reduced relative to other lags.
(Kranczioch et al., 2003; Luck et al., 2000; Vogel et al., 1998; Vogel & Luck, 2002). Our results
showed this typical reduction. However, we also found that the T2-elicited P300 at lag 2 was
less suppressed following FA meditation. This was not the case following OM meditation. We
also found that the P300 elicited by T1 was enhanced following FA but not OM meditation,
irrespective of lag. Together these findings suggest that the single session of FA meditation, but
not OM meditation, performed by the novice meditators in our study enhanced the processing of
both the first and second targets as well as reduced the AB in a standard RSVP task.
Since we saw no significant differences in alpha and theta power between the FA and
OM groups during meditation, we conducted additional exploratory analyses to attempt to
understand what might be underlying the differential AB performance and P300 findings we saw
between the FA and OM groups. We first looked for a correlation between changes in alpha
power at Pz during the meditation block and post meditation T2 accuracy. We also looked for
possible correlations between 1) changes in alpha power during meditation and changes in the
post meditation T1-elicited P300 and 2) changes in alpha power during meditation and changes
in the T2-elicited P300 post meditation.
Our results showed no significant correlations between alpha power and post meditation
T2 accuracy (FA group: r(8)= .112, p =.7566; OM group: r(8)= .0159, p = 0.9652). We also did
not find a significant correlation between alpha power and the post meditation T1 elicited P300
(FA group: r(8)= .3248, p =.3598; OM group: r(8) = 0.197, p = 0.584), or between alpha power
and the post meditation T2-elicited P300 (FA group: r(8) = .465, p =.176; OM group: r (8) =
0.12, p = 0.74). In addition to Pz, there were no statistically significant correlations between
alpha and post meditation T2 accuracy or T1 and T2 P300s at any electrodes.
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We then examined correlations between changes in theta power during the meditation
block and post meditation T2 accuracy as well as post meditation T1 and T2-elicited P300s.
These tests showed significant correlations between theta power and changes in T2 accuracy and
the T1 and T2 P300 at the majority of electrodes (See Table 1). We found a significant negative
correlation between theta power at Fz and post meditation T2 accuracy for the FA but not the
OM group (FA group: r(8)= -.674, p = 0.049; OM group: r(8)= 0.255, p = 0.4769) such that the
less a subject’s theta power increased, the more their post meditation AB was reduced (as
reflected in higher T2 accuracy; see Figure 3). Lower theta power at Fz was also significantly
correlated with a less suppressed P300 at T1 post meditation for the FA but not for the OM group
(FA group: r(8)= -.82, p = 0.023; OM group: r(8)= 0.091, p = 0.80). (See Figure 3)
Lastly, while the correlation between lower theta power and a less suppressed post
meditation P300 at T2 only approached significance at Fz, (again for the FA but not for the OM
group) (FA group: r(8)= -.71, p = 0.058; OM group: r (8)= 0.24, p = 0.499), the negative
correlations observed between theta and both the T1 and T2 P300s in the FA group were
statistically significant at the majority of other electrodes examined. (See Table 1.)
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Mean postmeditation %
accuracy change

% Change in Power

Figure 3. Correlation between decrease in theta power and post-meditation T2 accuracy.

Mean PostMeditation T1
P300 Amplitude

% Change in Power

Figure 4. Correlation between decrease in theta power and change in P300 elicited by T1
post-meditation.
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Mean PostMeditation T2
P300 Amplitude

% Change in Power

Figure 5. Correlation between decrease in theta power and change in P300 elicited by T2
post-meditation.
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Table 1. Correlation and P-values of theta correlations, by electrode (FDR corrected).
Theta Correlation and p-values by Electrode

Is change in
theta power
negatively
correlated
with T2
accuracy post
meditation?
Is change in
theta power
negatively
correlated
with an
enhanced T1
P300 post
meditation?
Is change in
theta power
negatively
correlated
with an
enhanced T2
P300 post
meditation?

Oz

O1

O2

Pz

P3

P4

Cz

C3

C4

Fz

F3

F4

r(8)= -.77,

r(8)= -.78,

r(8)= -.77,

r(8)= -.63,

r(8)= -.71,

r(8)= -.78,

r(8)= -.76,

r(8)= -.69,

r(8)= -.81,

r(8)= -.67,

r(8)= -.64,

r(8)= -.53,

p=.025

p=.025

p=.025

p=.041

p=.058

p=.025

p=.042

p=.025

p=.048

p=.058

p=.119

r(8)= -.69,

r(8)= -.64,

r(8)= -.78,

r(8)= -.65,

r(8)= -.69,

r(8)= -.50,

r(8)= -.82,

r(8)= -.67,

r(8)= -.77,

r(8)= -.82,

r(8)= -.77,

r(8)= -.72,

p=.042

p=.052

p=.023

p=.052

p=.042

p=.068

p=.023

p=.023

p=.023

p=.036

r(8)= -.58,

r(8)= -.68,

r(8)= -.46,

r(8)= -.50,

p=.101

p=.064

p=.202

p=.164

r(8)= -.64,
p=.066

p=.058

r(8)= -.60,
p=.238

p=.045

p=.023

r(8)= -.64,

r(8)= -.65,

r(8)= -.70,

r(8)= -.71,

r(8)= -.78,

r(8)= -.8,

p=.033

p=.066

p=.058

p=.058

p=.033

p=.033
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Chapter 4: Discussion
Our results showed no significant differences between the FA and OM groups with
regard to changes in alpha or theta power during meditation. While increases in alpha and theta
power are common findings in studies which compare meditation types, these increases are most
often seen in studies involving regularly practicing meditators (experts or intermediate level
practitioners) or novices who have undergone either intensive retreats or 6-8 week trainings
(Lomas et al., 2015; Nyhus et al., 2019; Yordanova et al., 2021). One reason that our single
session of an 11-minute guided meditation might have produced no differences between the FA
and OM groups is perhaps the meditation was too brief to induce any observable differences.
Our study design also might have inhibited our ability to observe alpha and theta
differences between the FA and OM groups. First, while electroencephalographic activity was
recorded continuously throughout the experiment, we did not capture precisely when the guided
meditation began and ended for each subject. This prevented us from knowing exactly when
subjects were meditating. As a result, we had to define a meditation block that was an estimate
sandwiched between when each subject completed their second block of AB trials and when they
started their third block of AB trials. Therefore, it is likely that our comparisons of subjects’
meditation experiences were not examining equivalent points in time.
With only 20 subjects, our study also may have lacked the power to detect alpha and
theta differences between the groups. It also may have been the case that our meditation protocol
was such that our FA and OM guided meditations were not distinct enough in ways that would
differentially affect alpha or theta power.
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Exploratory analyses we conducted in light of behavioral and electrophysiological results
published elsewhere found a statistically significant negative correlation at the majority of
electrodes between changes in theta power during the meditation block and post meditation T2
accuracy as well as post meditation T1 and T2-elicited P300s. These correlations were seen in
the FA, but not in the OM group. These correlations showed that, the more a subject’s theta
power decreased, the more their post meditation AB was reduced (as reflected in higher T2
accuracy). A decrease in theta power was also significantly correlated with a less suppressed
P300 at T1 and at T2 post meditation for the FA but not for the OM group.
A single, brief meditation session for inexperienced meditators has been shown to
produce decreased alpha and theta (Sliwowski et al., 2021). This reduction in alpha and theta
could possibly be indicative of an orientation of external attention (as opposed to internal
orientation) as novices listen to an audio track and attend to and follow the instructions to engage
in a guided meditation (Sliwowski et al., 2021). That is, a novice meditator may not be
meditating per se, but rather focusing on the instructions they are hearing as they learn a new
task called meditation. This does not mean that a single meditation session could not have effects
on attention that on the surface align with those seen in studies of more experienced
meditators. It just may be that the benefits seen by novice meditators after a single meditation
session are not about their being able to control or influence their ability to adeptly shift their
attention between internal and external states as much as the impact of their being intent on
following the researcher’s instructions or the instructions presented on a guided audio track.
That we observed significant negative correlations between theta and AB task
performance in the FA but not the OM group might be indicative of the FA group being
externally oriented in their attention. It also may be that the FA group was better able to pay
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attention to external instructions because the FA meditation instructions were more concrete,
easier to follow and more prescriptive in nature. The OM meditation instructions, by virtue of
being more open-ended with less direction and more periods of silence may have been harder to
subjects to follow. The guided OM meditation may have also given OM meditators more
opportunity to “zone out” and less opportunity to externally orient their attention. It may be that,
for the FA meditators in our study, engaging in a single meditation session involving externally
guided cues primed subjects to remain alert to external stimuli when they returned to the RSVP
task after meditating, thus enhancing their ability to accurately identify T2 in the AB condition
and to attend to both T1 and T2 post mediation.
The importance of external cueing as a coaching strategy for performance enhancement
and when teaching novices a new skill, particularly due to its association with decreased theta, is
a recurring theme in the sports psychology literature as well as in studies of video gamers (Ali
Asghari Toyeh et al., 2019; Kao et al., 2014; Kim et al., 2019). Multiple findings suggest that
novices learning any task experience enhanced performance when they are prompted by external
cues and coaching (Ali Asghari Toyeh et al., 2019; Beatty et al., 1974; Cheron et al., 2016;
Doppelmayr et al., 2008; Kao et al., 2014; Kim et al., 2019). It is possible that our subjects
experienced both mediation and the AB paradigm as tasks to be learned and that the performance
in the FA group was better at one or both tasks because subjects received and attended to
external cueing/coaching that was easier to follow than that of the OM group.
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Limitations and Future Directions
One of the limitations of our study was that, because of the way data was collected during
the meditation period, there is no way to know precisely when the meditation began. That is,
EEG data as collected was time locked to the presentation of each letter in the RSVP trial, and to
the beginning and end of each RSVP stream, but not to the beginning of the audio track for the
meditation. This left no way to know exactly when the meditation began or ended for each
subject. This limits our ability to precisely measure what happened and when during the
meditation.
In future studies, we would time lock the start of the meditation trial, ideally not only to
the beginning and ending of both the OM and FA meditations, but also to the moments of
silence/speaking in each audio guided meditation. Having this information in a stimulus timing
file would allow us to ask more refined questions about the meditation period. As it stands, we
looked at meditation by estimating when the meditation began and averaging power to the first
30 seconds of this estimated block. This timing estimate likely did not allow for consistent
comparison across subjects. In addition, we had no opportunity to examine ERP data during
mediation. It is possible that participants were responding to the auditory stimulus of a guided
meditation as much as the act of meditating. Without a stimulus timing file, we have no way of
knowing this. The behavioral results of the study showed that there was some difference between
the FA and OM groups that led to a reduced AB for the FA group. Our ability to understand
what may have happened during the mediation period is limited by not being able to precisely
compare each subject’s experience, and by not being able to look at the moment-to-moment
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experience with millisecond resolution with any confidence that we are comparing the same time
points across subjects.
With 20 subjects (10 FA, 10 OM), it also may be possible that our study was
underpowered to detect differences between the FA and OM group. Some notable differences
that we saw were negative correlations between theta power, increased T2 accuracy post
meditation, and enhanced P300 for T1 and T2 post meditation. These differences are in line with
research findings on theta and attention. However, the lack of time locking combined with a
small n may have meant that we did not have the ability to detect subtle differences in alpha and
theta power and their impact on FA and OM meditators in a way that would shed light on the
correlational trends we saw.
A larger limitation noted in the meditation literature is a lack of consistency in definitions
and operationalization of FA and OM meditation (Britton et al., 2018) . For example, Colzato et
al. (2015), another study involving AB, in FA and OM meditators, found opposite results to ours
in that the researchers found a reduced AB in the OM, but not in the FA group. However,
comparing transcripts of the guided meditations used by Colzato et al. to those used in our study,
it seems possible that Colzato et al. employed a definition of OM that may have been closer to
our FA and vice versa.
This elucidates a larger issue that there is no standard way to describe or to guide
participants in an FA or OM meditation. Indeed, our FA and OM meditations were written
specifically for this study. However, there is a level of subjectivity regarding whether they fully
capture the distinction between FA and OM meditation. Still future work should first try to
replicate our results to see if they are consistent and if our FA and OM meditations are doing
what we think they are. Future studies should take steps to further validate our original
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mediation scripts. Nonetheless, a first step for future research should be to replicate the current
study maintaining the existing paradigm with the addition of collecting time-locked information
on the precise beginning and end of each meditation. Including a self-report measure of
mindfulness, such as the Mindful Attention Awareness Scale (MAAS) or the Five Facet
Mindfulness Questionnaire (FFMQ), would also be useful as a way to determine whether
subjects experienced any characteristics associated with the subjective experience of mindfulness
(Park et al., 2013).
Longer term, a next generation version of the study could address some of the larger
issues which come into play when designing research studies of meditation, and particularly in
conducting studies comparing types of mindfulness mediation such as OM and FA. An ideal
study comparing OM and FA meditators, in addition to matching each group on demographic
characteristics, would conceive of the meditation portion of the study more precisely as a task or
an intervention. This would involve paying careful attention that the OM and FA group’s
meditation tasks were exactly equivalent in duration and in the amount and timing of narration
versus silence. We would also recommend validating the OM and FA scripts that were used for
the guided audio mediation to ensure that they are accurate and distinct representations of
focused attention and open monitoring meditation styles. The difficulty here is that what makes
one mediation focused attention and another open monitoring often borders on the subjective
(Britton et al., 2018). Given the fact that any given meditation session unfolds as a process that
may include mind wandering, exteroception, interoception, and multiple states in between
(Hasenkamp et al., 2012) , it is also unclear whether any operationalization of mindfulness,
guided or not, in a research setting can completely separate and isolate elements of an OM
meditation from elements of an FA meditation. Even when listening to a guided audio meditation
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that is supposedly focused on one’s breath, meditators in a lab might inadvertently drift into a
more open-ended mind frame. Likewise, individuals listening to a guided OM meditation might
cycle in and out of focusing on their breath in a way that is more akin to the FA style. Even if a
researcher controls what external prompts and directions a meditation participant hears, it seems
essentially impossible for the researcher to know what the subject is actually thinking or doing
(cognitively speaking) with the audio instructions they are hearing. Nonetheless, our behavioral
results and the electrophysiological data gathered during the AB trials and the meditation block
point to a potentially interesting trend involving theta and enhanced attentional processing in
novice FA meditators that warrants further investigation.
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